A method and system determines the density of a liquid, such as aircraft fuel, by measuring the amplitude of the reflections of ultrasonic pulses from the faces of the walls of a reference material. A transducer is used to transmit an ultrasonic interrogation pulse through a liquid to the reference material. The density of the ref.
erence material is known, and its boundaries are well defined. The interrogation pulse is reflected from the faces of the reference material boundaries to provide first, second and third return pulses that can be used to determine the density of the liquid. The density deter mination is accomplished by determining characteristic impedances, reflection coefficients and transmission coefficients as a function of the returned pulse ampli tudes.
18 Claims, 2 Drawing Sheets 4,991,124 The invention relates to a system and method of ultra sonic liquid fuel density determination. More particu larly, the invention relates to ultrasonic density determi nation from the pulse amplitudes of three ultrasonic waves reflected from a reference material in a fuel tank.
The prior art is directed to the transmission of ultra sonic energy through various media and the analysis of return pulses (or echoes). The prior art does not provide a densitometer which uses three pulses which have traveled through different path lengths to determine the density of a liquid as is provided by the present inven tlOn.
Jensen, in U.S. Pat. No. 4,297,608 discloses an appara tus for ultrasonically determining the density of a liquid. In Jensen, an ultrasonic transducer transmits a pulse through a reference material that includes a reflective, discontinuous surface, through a region containing the liquid media, and to a reflector which provides a return echo through the media. The pulses returned from the surface of the reference material and the reflector are analyzed to determine the density of the fluid. Jensen requires a constant which must be experimentally deter mined during a calibration procedure. In the present invention, a third echo is used, and no calibration is Redding in U.S. Pat. No. 4,364,273 discloses an appa ratus for locating interfaces in a media, and in one en bodiment, an ultrasonic transducer transmits energy to receivers to detect the presence of a dense layer in a tank of petroleum gas. Redding is involved with detec tion of inhomogeneities in a fuel measurement context and does not disclose density determinations. 2 sonic method by which the density of a fluid contained in a cylindrical cavity in an elastic solid is determined.
BRIEF DESCRIPTION OF THE INVENTION
A method and system determines the density of a liquid, such as aircraft fuel, by measuring the amplitude of the reflections of an ultrasonic pulse from the faces of the walls of a reference material. The densitometer system uses a transducer to transmit ultrasonic interro gation pulses through an evaluation material, such as a liquid fuel, to a reference material having a known den sity and well-defined boundaries, such as a glass, mag nesium or aluminum block. The reference material has a pair of flat parallel sides, the planes of which are about perpendicular to the line of travel of the pulses to the center of each side.
The interrogation pulse is reflected from the flat sides of the reference material to provide first, second and third return pulses that can be used to determine the density of the evaluation material. The first return pulse is reflected from the outer face of the near side of the reference material, the second return pulse is reflected from the inner face of the far side of the reference mate rial, and the third return pulse is the remnant of the second return pulse which is reflected from the inner near face of the rear side of the reference material and a second time from the inner face of the far side of the reference material. The density is determined as a func tion of the amplitudes of the return pulses. The wave reflected once from the inner face of the far side 21" is the second reflection (return pulse or echo), and its amplitude is determined in the central processing unit (CPU) 39 and stored in memory 39' as A2. The amplitude of the wave reflected twice from the inner face of the far side 21" is the third reflection (return pulse or echo), and its amplitude is determined in the central processing unit (CPU) 39 and stored in memory 39'. The density of the evaluation material 18 is deter mined by the central processing unit 39 and displayed on display 54. The dimensions of the monitored portion of the evaluation material and reference material should be large enough so that the three echoes do not overlap or otherwise interfere with each other. For example, the known material may be six inches in length, six inches in width and six inches in depth. Preferably, the length, width and depth of the reference material are each from about one to twelve inches. Larger dimen sions than these for the reference material, while opera ble, would represent undesirable added weight that the aircraft would be required to carry. Preferably, the monitored portion of the evaluation material has dimen sions of length, width and depth which are at least as large as the range(s) preferred for the reference material 20. The "length' of the monitored portion of the evalu lation material is the distance from the wall of the con tainer at or adjacent to the transducer 14 to the face 21 which is the face of the reference material 20, which is closest to the transducer. Preferably, the height of the monitored portion of the evaluation material 18 in the container 12 is sufficient to cover the reference material 20. Thus, the reference material is preferably located in the lower portion of the container. Thus, what has been described is a system and method for ultrasonic determination of density of liquid from the amplitude of reflections from the faces of a 20 reference. While the invention has been described in connection with what is presently considered to be the most practical and preferred embodiments, it is to be understood that this invention is not limited to the dis closed embodiment, but, on the contrary, is intended to 25 cover various modifications and equivalent arrange ments included within the spirit and scope of the ap pended claims. It is to be understood that all such equiv alent structures are to be included within the scope of the following claims. 30
What is claimed is: a 1. A method of density determination for a material, comprising:
supporting a liquid evaluation material and a refer ence material, said reference material having a first 35 and a second reflecting face, said evaluation mate rial having a density, transmitting an interrogation ultrasonic wave through said evaluation material and to said refer ence material, 40 a first portion of said interrogation wave being re flected once from said first reflecting face to form a first reflected wave having a first amplitude, a second portion of said interrogation wave being reflected once from said second reflecting face to 45 form a second reflected wave having a second amplitude, a third portion of said interrogation wave being re flected twice from said second reflecting face to form a third reflected wave having a third ampli-50 7. The method of claim 6 wherein said density of said evaluation material is determined from a reflectivity of sound from said first and second faces of said reference material.
8. The method of claim 7 wherein said data for the density, the velocity of sound and reflectively in said reference material are stored in said memory.
9. The method of claim 1 wherein said first and said second face are coplanar.
10. The method of claim 1 wherein said evaluation material comprises liquid fuel and said reference mate rial comprises magnesium.
11. The method of claim 1 wherein said reference material comprises aluminum.
12. The method of claim 1 wherein said reference material comprises two sides, each said side having a planar outer face, and the planes of each said outer face being parallel.
13. The method of claim 12 wherein each said face reflects ultrasonic waves equally.
14. The method of claim 1 wherein said reference material comprises aluminum.
15. A system for determining density, comprising:
a computer, an ultrasonic transducer means, a fuel tank, a reference material, and liquid fuel, said computer being connected to said transducer, said transducer being connected to said tank, said tank enclosing said reference material and said liquid fuel, said computer comprising a memory and a central processing unit, said computer being connected to said transducer, said reference mate rial having a first sound wave reflective planar side and a second sound wave reflective planar side, the plane of each of said sides being parallel, said first side comprising a forward face and a reverse face, said second side comprising a forward face, said transducer being positioned to transmit interroga tion sound waves through said liquid fuel, each said face of said reference material, said reference mate rial being positioned to reflect said interrogation sound waves to provide first, second and third reflected sound waves having a first, second and third amplitude, whereby said first, second and third reflected sound waves are detected by said transducer means, and said transducer being adapted to send signals representative of said first, second and third amplitudes to said computer to determine the density of said liquid fuel. 16. The system of claim 15 wherein said reference material comprises glass.
17. The system of claim 15 wherein said liquid fuel is aircraft fuel.
18. The system of claim 17 further comprising pro viding an aircraft engine, said engine being connected to said fuel tank. 
